In this paper we perform a spectral analysis for the kernel operator associated with the transition kernel for the Metropolis-Hastings algorithm that uses a fixed, location independent proposal distribution. Our main result is to establish the spectrum of the kernel operator T in the continuous case, thereby generalizing the results obtained by Liu in (Statist. Comput. 6, 113-119, 1996) for the finite case.
INTRODUCTION
Let π be a probability density with respect to a σ -finite measure μ on a state space . Let q be another density, acting as a proposal distribution for a Metropolis-Hastings algorithm. (6, 4) This algorithm produces a Markov chain (X t ), t = 1, 2, . . . , with π as stationary distribution by drawing a candidate y from q for the successor X t+1 of X t = x, then moving to y with probability α(x, y) = min{1, π(y)q(x) /[π(x) We start by introducing some key concepts and notation. For x ∈ define the importance weight
The interpretation of λ w is that it is the probability of remaining at the current state x, given that w(x) = w, i.e. P (X t+1 = x|X t = x, w(x) = w). The transition kernel for the Markov chain associated with the IMH algorithm is given by
The kernel operator on L 2 (π ) associated with this transition kernel is defined by
Sometimes it is more convenient to write this in the form
Tf (x) = B c w(x) f (y)q(y)dμ(y) + B w(x) (f (y)π(y)/w(x))dμ(y) + λ w(x) f (x).
(1.4)
The eigenvalues of T are of interest for several reasons. It is shown in Refs. 5 and 2 that performance measures such as total variation distance after a finite number of iterations, rate of convergence in total variation norm, acceptance rate, autocovariances and efficiency can be expressed in terms of the eigenvalues in the discrete case, and these results are generalized to the continuous case in Ref. 1, which is a natural companion to the present paper. The eigenvalues and eigenvectors of T were studied in Ref. 5 in the case when the state space = {x 1 , . . . , x N } is finite. Liu showed that if the states are labeled such that w(x 1 ) w(x 2 ) · · · w(x N ) (for convenience, we reverse the ordering used in Ref. 5), the eigenvalues are the numbers λ w(x) , x = x 2 , x 3 , . . . , x N , as well as the trivial eigenvalue 1. He also found a basis of eigenvectors in this case. Smith and Tierney used this in Ref. 7, Proposition 2, to obtain n step transition probabilities for the IMH algorithm for finite state spaces, and generalized this in Ref.
7, Theorem 1, to general state spaces. In the present paper we generalize Liu's result. We characterize the spectrum in the general case of an arbitrary state space with an arbitrary proposal distribution q with the same
